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Final Report: Jaser Altimeter Experiment (S-216)

%W. L. Sjogren

The objeéiive of thig larer altiméter data analysis was 1) té exfract
some ihrsidé'gravity anopeiies and 2) to determine global geometric para-
meters. The altempt to obtain some farside gravity variations was not
successfui, for.our.reuucfions_always met with inconsisteﬁcies_aﬁé high
correlations that made any proposed model invalid. There was oniy a small
subset of the data which lent itself to the analysis, so exte11§ive trials
were not posgible. However the anslysis for global shape paraméz_ﬁ_ers was
very fzuitful.and signifigant determinations have been made that have led
to inferences concerning lunar structure and hisﬁory. The primary results
are the 1) size of the basic ellipsoid, 2) the displacement of‘fhe optical
center from the center of gravity, 3) the global shape of the ringed maria
surface having a 2+ km dbulge toward the earth, 4) the large farside depression
at 180° longitude, 5) the average elevation difierence between highland and
maria, 6) the smoothness of the maria over 1000 km and 7) the consistenc:
of the laser data with other observatiocons made from seven independent expeii-
ments.,

We héve analysed the laser altimeter data from Apollos 15, 16 and 17
missions. -The Apollo 15 data was rather short due to hardware failure. As
z result tliese we.e only 2 complete profiles {orbits 15 and 21) obtained.

Prior to these oruvits some data was obtained during erbits 3-9 when the

spacecraft altitudes were above 40 nautical miles (a harvrdware constraint for
&




valid data). These data are on the farsidé of the moon from 130E te 27CE
lorgitude. There was also Some_purtial coverage during ortits é5 and 33
before_ total failure occurred. The sampling of the data was appfoximatexy
every 20 gseconds which proﬁided an obsexvation every 30 km or i.degree

along tﬁe orbit track. TFor Apollo 16 the sampling réte was reduced to
approximately l/min” to avoid ciie Apollo 15 failure situation. TFi e conmplete
profiles were obtained from orbits 17, 28, 37, 47 and 59. For Apollo L7

the coverage was incressed over both Apollo 15 and 16 providing data on
rorbits 13, 15, 23, 27, 28, 37, 49, Eé, 65-71 and 74. The data gquality was
excellent, although we di1d not really use the data to its uliimate accuracy.
We used the raw observations uncorrected for camers ofientatibg'and tnerefore
errors on the order of 5-10 meters haye been neglected. Theéémdata are
pﬁbiished_in reference 7. |

The uﬁpextainty in Apollo laser altimetry profilihg comes from the

inability to precisely determine the Spacecraft positions at the observa-
tion time. The spacecratt posiﬁion is determined independent of the laser
measurement using Dopplér radio tfacking. Since tﬁe farside gravity field
is unknown, the total gravity field used for modeling the perturbing forces
is poor. Ihe.net result is that spacecratft positions in orbit cca only be
. determined to 300-800 meters in the mltimeter obhsarvation difection. This
is a low frequency bias effecdt, so nearly adjacent altimeter data still pre-
serve valid high frequeﬁcy variations. Once the spacecraft orbit was ésca-
blished, it was a simple matter of subtracting the laser reading from the

spacecraft selencentric radius vector to produce the luna: topographic

profiles. For the profiles presented in the literature another subtraction
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has been madc to remove a basie lunar figure. The usual figﬁre is o 173
km sphere having its center at the center of gravity, bul other models
have been used inciuding offset ellipsoids and spheres.

The agreement of the laser data with previous independent spacecraft
topography mgasurements is excellent. There is no one article which covers
the'comﬁariéons,.so a shbrf summary of these measuremenﬁs in five surface aveas
will'be made here. The differenu experiments are 1) Ranger Missior Impact
¢1mes, 2) Suxveyor Lander Track:ng data, 3) Imnar Orbiter V/H data, &) Earth-
based 1aser ranging to retxo refiectors,_s) Apollo Command Module landmark

-tracklng, 6) Lunar Orblter Photogrammetry, 7) Apollo 17 Sounder ¥xperiment.
A comparlson of_elevatlon estlmates is shown in Table I. The consistency
of the estimateu is very gooq for the points of comparlson are not precisely
at the same latltude and- longitude and local vaxiatlons conkribr.ce to the
dxfferences. Another result whlch also show;excellent sgreement with these
lase:r data are the QOrtho-thoto maps made from the Apollo metric camera photo-
graphy. -

Attached to this report are reprints of artieles that have resul*=d from
our gnalysis. AB specific items are men%ioned, these articles will be refer-
enced from thé publiéations list where one can obta£n a more detailed des-
cription of the effert, Many of the items are discussed in several articles,
for the increased data sets from the féllowing migsions provided = larger base
for stronger interpretations.

The first topographic profiles from the Apolle 15 laser observations

are provably the most dramatic set of data in the v icle laser altimeter dats

bark., The striking ringed basins of Mare Serenitatis, Maye Crisium, and Mare
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Smythid were clearly seen with the deepest region on the Moon being at

Mare Smythii, some_h ]f2 km below =& reference sphere of 1738 km centered about

the center of gravity. These maré including Oceanus Procellarum were very
flat. A large farside depression was discovered. If one assumes that it is
a circular fEatux e, it would be centered at appxoxlmatelv hS 8 and 181 E
with a 1900 km diametex. A+SO in ev1dence were the farside hlghlands that
rcose some 3 to 4 km above the 1738 km reference sphexe. (see publication
list 1, &, 5, 8). The Apollo 17 profiles which were. near the Apollo 15
region snow many of the same features and verify the earlier results (see 3).

With the addition of the Apollo 16 laser profiles, there was=a_38

latitude separatlon in the covera@e and one could analyse global shape

parameters. Tt was found that the best fitting ellipsoid was neaxl\ a sphere
with radius 1737.7 km. The old astronomers did g fairly good job?'for thelir
value was 1T38.0 t 1 km. However what was strongly determined from the
data and which the old astTOQOmers could not determine was the centey of
gravity {e.g.) shift from the opfical_centeru The sﬁjft of the c.g. is 2
xm towsrd earth and 1 km,éastward. The polar direction was not well deter-
mined. (See 5, 9) The implicaiion of such a shift in centers has led to
models having an offset core or thickenihg of the férside crust. There have
9lso been interior density models generated using constraints from other
discipline observations. (see 5, 8,_9;.10).

Apollo 15 and 16 3data provided statistics on the mean levels of high-
lards and maria, showing a 3 km difference. Compariscn of these data with

the Aeronauticml Chart and Information Centexr (ACIC) Lunar chart elevations

(scale L:l,OO0,000) revealed large'discrepancies over relatively small regions,

making some cld geological interpretations erroneous. (see 2, 53
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An31381s of the maria surface elevations has shown that the rgnged

‘maria sampled, plus Grimaldi and Tbiolkovsky all lie very close to an.
'elllpsoxd suxface hav1ng a 2+ km bulge toward the earth The 1rregu1ax mare
of: Tranqulllztatls and Fecunditatls are elevated above this reference by 1 km.

Impllcations on. thlS are. covered in publlcation 6 -

For those 1nterested 1n analysing uhe rav obsexvatlons or xeduced pro-

file values, the complet° data set has been conpiled in puullc.tion 7.
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